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Abstract 
The shrinkage of cement composites is a very important factor affecting their durability. This is an undesirable property from 
the technological point of view and hence the subject of many research activities. In the article the results of shrinkage of 
modified mortars is presented. Lime is a traditionally used additive that has a positive effect on the workability of mortars. In 
addition, mortar strength and adhesion increases when the lime is added in an amount about 10% c.m. to cement mortar. 
Among many modern admixtures three of them have been selected for testing. An air entraining and plasticizing admixture 
dosed at 0.3% c.m. was chosen as typical admixture for mortars (it is also advertised by the manufacturer as “replacing lime” 
admixture) and two polymer admixtures a styrene-butadiene copolymer and a polyvinyl alcohol both dosed at 5% c.m. The 
mortars shrinkage was tested in a standard way as well as by the modern system of the so called “gutter”. This system allows to 
record volume changes (shrinkage and expansion) from the beginning when cement composite is put to the gutter. The aim of 
the research was to determine the effect of mentioned modifiers on cement mortars shrinkage which was tested by two 
methods: standard and modern. 
© 2015 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of organizing committee of the 7th Scientific-Technical Conference Material 
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1. Introduction 
For practical reasons, the shrinkage of cement matrix is a very important issue as it may cause problems for the 
performance of the structure and its greatness should be taken into account already in the design phase. Too high 
shrinkage could lead to cracks that appear on the construction surface. They reduce the durability of elements as a 
cracked surface facilitates the penetration of harmful media into the material, leading to a further destruction. For 
this reason, the problem of shrinkage is still in the field of researchers’ interest. In addition, mortar shrinkage is 
larger than the concrete one because there is no coarse aggregate which limits the shrinkage amount. Shrinkage of 
ordinary mortars in most cases does not exceed 0.15% (determined on the standard samples size of 40x40x160 
mm). However, shrinkage of mortars for special use is often much higher which results in limiting their use. 
Additionally, large shrinkage of mortar used for low strength masonry elements can lead to cracks at the joint along 
the element [1]. 
2. Volume changes of cement matrix 
The causes of cement matrix volume changes are complex and connected both with factors dependent on the 
physicochemical properties of cement matrix (e.g. the kinetics reaction of cement hydration, mineral composition 
of cement) and external factors such as change in ambient humidity. Thus, the shrinkage of cement composite 
(paste, mortar or concrete) is a sum of several factors occurring during the research. 
2.1. Autogenous shrinkage 
Volume changes of cement matrix occur from the moment of cement and water connection. Hydration reactions 
of cement minerals lead to reduced volume of the mixture (i.e. chemical shrinkage) because the volume of water in 
hydrated phases is smaller than in the liquid phase. The size of this shrinkage is closely related to the mineralogical 
composition and fineness of cement (basing on cement paste research) [2]. With increasing of cement hydration the 
phenomenon of concrete self-drying may appear. This phenomenon is related to taking of inner water from 
capillary pores for the continuation of cement grains hydration. With the loss of solution in the capillary pores of 
cement matrix, hydrostatic pressure increases causing the internal compressive stresses [3]. Therefore, the greater 
self-drying shrinkage the lower water-cement ratio. The value of this shrinkage is relatively small and has a 
practical meaning for the interior of the large mass of concrete [4]. 
2.2. Drying shrinkage 
When the cement composite is stored surrounded by an unsaturated vapor there follows evaporation of water 
from its surface. The value of shrinkage depends mainly on temperature, humidity conditions of the external 
environment and the wind speed because these parameters affect the rate of water evaporation. Another important 
factor of drying shrinkage is the porosity structure of concrete. The water relatively easily evaporates from large, 
capillary pores and their amount and size depends on a water-cement ratio. The greater the ratio the greater the 
drying shrinkage [5]. In addition, at a constant w/c ratio shrinkage increases with the content of cement. As cement 
composite dries, initially free water is removed from the capillary pores and next water is adsorbed what causes 
shrinkage of the composite. 
 
 The shrinkage value is greatest at the surface of an element and gradually decreases to the interior of the 
concrete. Therefore, the shrinkage value largely depends on the size and shape of the test samples. In general, it can 
be assumed that the larger the elements the smaller the shrinkage. It has been found that the logarithm of shrinkage 
value depends on the ratio of the sample volume to its surface. The greatest impact on shrinkage reduction has the 
aggregate content in the cement composite. The higher the aggregate to cement ratio, the lower the shrinkage [6]. 
When the cement composite is stored in alternating dry and wet conditions, part of the volume changes related to 
drying is reversible. The longer the drying time, the higher the irreversible shrinkage of the composite [2]. For this 
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reason, an early care of concrete elements, especially large flat surfaces such as ceilings and foundation slabs in 
which the area and thickness ratio is very large is extremely important. 
2.3. Expansion 
Expansion occurs when the cement paste, mortar or concrete samples are kept continuously under wet 
conditions. The samples show increase in volume accompanied by increase in weight (to approx. 1% for concrete 
samples) [4]. Moisture expansion is related to the absorption of water by the cement gel so the water particles 
counteract cohesion forces in an emerging structure of the material.  
2.4. Carbonation shrinkage 
With time a carbonation phenomenon occurs in older cement mortars or concretes. The calcium hydroxide 
reacts with carbon dioxide coming from the surroundings and calcium carbonate and free water are formed. In 
addition, CaCO3 accumulates in the material spaces in which there are fewer compressive stresses due to drying 
shrinkage. That causes a temporary increase in the cement matrix compressibility [7]. Water is evaporated during 
the element’s drying, leading to contraction called carbonization shrinkage. However,  this shrinkage is relatively 
small and limited to a surface layer of the element.  
3. Research 
The use of polymer admixtures is an effective way to reduce shrinkage value [8, 9]. These admixtures cause 
polymer membranes in the cement matrix, what in turn makes the migration of water difficult. A side effect of 
using these admixtures is covering cement grains by the polymer membrane and slowing down the cement 
hydration [10]. The traditional lime additive to mortar has a positive effect not only on the mortar workability but 
also has a high alkalinity. Therefore lime is recommended for rooms with increased sanitary requirements, such as 
resistance to fungal spread, despite the fact that it increases the shrinkage. The aim of this research was to 
determine the effect of traditional lime additive and at present applied admixtures on the shrinkage of cement 
mortars. 
 
 Cement mortars marked CI to C III and cement – lime mortars marked CL I to CL III, made in accordance with 
PN-B-10104:2005 “Requirements for general purpose mortars. Mortars with a specific material composition, 
produced on site” were tested. The compositions of tested mortars are given in table 1. Portland cement CEM I 
42.5 R and lime type CL 90-S were used to prepare mortars. Lime was consistent with the requirements given in 
PN-EN 459-1:2012 “Building lime. Definitions, specifications and conformity criteria”. Mortars were made using 
fine sand of grain size 0/2 mm. Three types of modern admixtures were used during the research program: 
x A styrene - butadiene copolymer, marked with the symbol S, 
x A polyvinyl alcohol admixture marked with P and  
x A plasticizing and air entraining admixture typically designed for mortars, marked with A. 
A styrene-butadiene polymer and a polyvinyl alcohol were added to C I cement mortar in the amount of 5% c.m. 
while a plasticizing and air entraining admixture in the amount of 0.3% c.m. The dosages of admixtures were taken 
in accordance with manufacturers’ instructions. Selected properties of fresh and hardened cement, cement modified 
and cement - lime mortars are presented in tables 2 and 3. 
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Table 1. Composition of tested mortars. 
 Cement mortars Cement – lime mortars 
 C I C II C III CL I CL II CL III 
Traditional volumetric 
proportions 1:2 1:3 1:4 1:0,25:3 1:0,5:3 1:1:6 
Cement [kg/m3] 523 373 287 344 272 263 
Lime     [kg/m3] - - - 43 69 89 
Sand     [kg/m3] 1345 1448 1475 1334 1400 1376 
Water   [kg/m3] 324 333 351 366 353 356 
Table 2. Some properties of fresh and hardened cement mortars and modified cement mortars. 
 Cement mortars Cement mortars modified by admixtures 
 C I C II C III C I+A C I+S C I+P 
Bulk density of fresh mortars [kg/m3] 2060 2000 1990 1830 2030 1850 
Air content [%] 5.8 5.2 5.0 16 9.8 14.0 
Flexural strength [MPa] 6.5 4.0 3.0 5.0 7.0 6.5 
Compressive strength [MPa] 49.0 25.0 12.0 28.0 37.0 33.0 
Table 3. Some properties of fresh and hardened cement-lime mortars. 
 Cement – lime mortars 
 CL I CL II CL III 
Bulk density of fresh mortars [kg/m3] 2040 2020 2015 
Air content [%] 4.2 3.8 3.4 
Flexural strength [MPa] 4.0 3.5 1.5 
Compressive strength [MPa] 17.0 13.0 5.5 
 
Two methods were selected for shrinkage tests. The first is a traditional method, in which the sample sizes of 
40x40x160 mm are tested at appropriate selected intervals in Graff-Kaufmann device. Research carried out by 
Graf-Kaufmann method allows measuring only a drying shrinkage because this measurement is carried out after 
samples demoulding. In this way, early registration of changes in cement composites volume is omitted. Despite 
the shortcomings, this method is successfully used for a rough determination of a drying shrinkage value and the 
influence of individual parameters on the shrinkage. 
 
 Figure 1 shows the results of shrinkage tests of cement mortars (Fig. 1a), cement mortars modified by tested 
admixtures (Fig. 1b) and cement-lime mortars (Fig. 1c) by Graf-Kaufmann method. Shrinkage of cement and 
cement-lime mortars were examined after 7, 10, 14, 28, 90 and 210 days while cement mortars modified by 
admixtures after 7, 10, 28, 90 and 210 days of storage at 20 °C r 2 °C and relative humidity of 40y55%. Shrinkage 
of cement mortar was at the level of 0.67 for C III mortar and 0.87 for C I mortar in the unit converted to mm/m. 
The addition of polymer admixtures reduced the shrinkage by 12% in the case of polyvinyl alcohol and 26% for the 
styrene – butadiene polymer. Plasticizing and air entraining admixture little influenced the shrinkage value, 
reducing it by 5%. 
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a    b  
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Fig. 1. The shrinkage of mortars investigated by Graff-Kaufmann method (a) cement mortars; (b) C I cement mortar modified by admixtures: 
A-plasticizing and air entraining, P-polyvinyl alcohol, S-styrene–butadiene polymer; (c) cement-lime mortars. 
Nowadays, the development of modern measuring instruments allows measurement of volume changes in 
cement composites with remarkable accuracy and automatically [11, 12]. Therefore, the second measurement 
method was selected for shrinkage testing. This method allows examining any volume changes from the moment 
the mortar is placed in a device. The measurement method using a system of registration gutters enables automatic 
recording of early volume changes as well as drying shrinkage. Another advantage of this method is the dimension 
of gutters 100x60x1000 mm, their length allows registration of volumetric changes directly in the unit mm per m 
length of the element. This registration is fully automatic in the pre-established time intervals by length change 
electronic sensors. Figure 2 shows the test stand for automatic measurement of shrinkage using the so called 
shrinkage gutters. 
 
Fig. 2. The view of shrinkage measurement stands using the shrinkage gutters.  
Figure 3 shows the shrinkage results for cement mortars (Fig. 3a), cement mortar modified by tested admixtures 
(Fig. 3b) as well as cement – lime mortars (Fig. 3c) measured by automatic gutters method. During the test, the 
samples were also stored at 20 °C r 2 °C and relative humidity of 45y55%. 
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Fig. 3. The shrinkage of mortars investigated by automatic gutters method (a) cement mortars; (b) C I cement mortar modified by admixtures: 
A-plasticizing and air entraining, P-polyvinyl alcohol, S-styrene–butadiene polymer; (c) cement-lime mortars. 
The measurements of volume changes were recorded for 70 days. The expansion was recorded in the initial 
period of the test for all tested mortars. It seems that this phenomenon is related to the increase in sample 
temperature caused by an exothermic reaction of cement hydration and thus the appearance of the autogenous 
expansion phenomenon. The expansion was 0.30 mm/m after 12 hours for CL I cement-lime mortar with the 
smallest content of lime; 0.22 for CL II after 8 hours and 0.17 after 7 hours for CL III mortar with the highest 
content of lime. Whereas for the cement mortars, the largest volume increase was recorded after 17 hours and 
ranged approx. 0.15-0.17 for the tested cement mortars. Against the expectations there were no significant changes 
in the expansion ratio when using either polymer admixtures or plasticizing and air entraining admixture.  
 
 Shrinkage registered in this method after 70 days storage of the samples ranged from 0.38 mm/m for the CL I 
cement - lime mortar; 0.55 for CL II mortar and 0.60 for CL III mortar with the highest content of lime. Such a 
large shrinkage is also related to the porous structure of cement-lime mortars compared to cement mortars [13]. CL 
III mortar shrinkage measured in Graf-Kaufmann method is not significantly different from the shrinkage of other 
cement-lime mortars, because the first measurement is performed after removing samples from the moulds, that is, 
after 2 days of mortar curing. Demoulding the samples earlier caused their breakage. Therefore, it can be assumed 
that the method of automatic gutters recording all volume changes is much better than Graf-Kaufmann method for 
the measurement of samples with high early shrinkage, as for example lime mortars or cement – lime mortars. 
Shrinkage of cement mortars measured in this method ranged from 0.30 mm/m for C III mortar; 0.37 for C II 
mortar and 0.43 mm/m for CI mortar with the largest cement content. The greatest reduction of shrinkage was 
observed for cement mortar modified by a styrene - butadiene polymer. Shrinkage was on the level 0.25 mm/m 
which gives a decrease of 42% in relation to the reference sample (the mortar without the admixture) after 70 days 
of samples storage. Less shrinkage reduction was recorded in the case of polyvinyl alcohol using – a decrease of 
20%. While plasticizing and air entraining admixture minimally affected shrinkage (reduction of less than 5%). 
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In both methods of shrinkage measurement – the traditional Graff-Kaufmann method and the gutter registration 
method – there was observed a similar course of shrinkage. However, the results of both methods cannot be 
directly compared because of different samples dimensions which significantly affect the size of the measured 
shrinkage. Measurement of shrinkage on smaller samples gives significantly higher scores. The advantage of the 
gutter registration method is, as already mentioned, the possibility of volume changes measured in an automatic 
and continuous way from the moment the mortar is set into the gutter. 
4. Conclusions 
To summarize research program carried out the following conclusions can be made: 
x When using registration gutters method, expansion was noted in the initial stage of hydration for all tested 
mortars.  
x Registered expansion was less for cement – lime mortars than for cement mortars.  
x Mortar modification by polymer admixtures (the styrene - butadiene copolymer and polyvinyl alcohol) against 
the expectations did not affect the size of the expansion ratio in the tested cement mortars. 
x The greatest shrinkage reduction of tested mortars was observed when the styrene - butadiene copolymer was 
used. This reduction could be observed in both methods of shrinkage measurement.  
x Less shrinkage reduction was recorded in the case of polyvinyl alcohol using. 
x The plasticizing and air entraining admixture minimally affected shrinkage of tested cement mortars. 
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